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Abstract 
Fuel-air mixture is a typical of flammable and explosive material and tens of thousands of cubic meters of oil steam and air mixture will 
be presented in the ventilation and replacement project at any time, no matter in the anti-explosion of ventilation operation in the oil tank, 
or in the anti-explosion of fuel-air mixture in emergency. Thermo-catalytic combusting technology used in the anti-explosion of fuel-air 
mixture is viewed as a kind of most promising technology, which can safely dispose the fuel-air mixture. This paper mainly introduces the 
resistance characteristics of fuel-air mixture within the catalytic combustion bed and the experimental results of the influence of catalytic 
thickness on resistance of fuel-air mixture. Based on the experiment and analysis, the resistance predicting model using in catalytic 
combusting bed is putting forward. The conclusions drown from the studies and researches will not only have much important 
significance for the design and optimization with thermo-catalytic reactor for anti-explosion in oil and natural gas engineering, but also 
supply some important references to the analysis of the fuel-air mixture flowing in porous media in other fields. 
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Nomenclature 
Re Reynolds number 
u apparent speed (m/s) 
d diameter of catalyst (m) 
Greek symbols 
 ratio of the pore volume between the catalyst particles in the total volume 
μ  dynamic viscosity  
 density (kg/m3) 
1. Introduction 
As is known to all, fuel-air mixture is a typical of flammable and explosive material, with the dangers of rapid burning 
speed, fierce fire, blazing radiant heat, boiling splash, the proliferation and spreading of fuel-air mixture, which is extremely 
lethal to industry. Paying little attention to it will cause significant casualties and huge economic losses if taking place 
explosion, which may also extremely easy cause great environmental pollution accidents. In recent years, the study on anti-
explosion of fuel-air mixture became the emphasis in the regions of oil and natural gas engineering and safety science and 
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technology[1-7]. Tens of thousands of cubic meters of oil steam and air mixture will be presented in the ventilation and 
replacement project at any time, no matter in the anti-explosion of ventilation operation in the oil tank, or in the anti-
explosion of fuel-air mixture in emergency. Thermo-catalytic combusting method becomes a kind of safe and effective 
method because of less energy consumption, easy operation, safety and highly cleaning efficiency. The research indicates 
that the catalytic reactor filled with porous media can strengthen the convective heat transfer and increase the residence time 
of mixture, and it is viewed as a kind of promising combustion technology because of its security and high catalytic 
efficiency. Aiming at the study of fluid flow in porous media, recent researches have mostly concentrated in the direction of 
the heat transfer capability of the radiator and the design of core-components in nuclear reactor based on simulative 
experiment and numerical analysis[8-14]. In recent years, according to the need for anti-explosion operations of fuel-air 
mixture and disaster-proof engineering, thermo-catalytic reactor was manufactured, and a series of experiments study and 
numerical analysis for flowing of fuel-air mixture and the combustion characteristic was carried out. This paper mainly 
introduces the resistance characteristics of fuel-air mixture within the catalytic combustion bed and the experimental results 
of the influence of catalytic thickness on resistance of fuel-air mixture. The conclusions drown from the studies and 
researches will have much important significance for the design and optimization of thermo-catalytic reactor for anti-
explosion in oil and natural gas engineering and supply some important references to the analysis of the fuel-air mixture 
flowing in porous media in other fields. 
2. Experimental apparatus and profile of system 
The experimental system is shown in Fig.1, it is composed of vacuum pump, vitreous rotor flowmeter, porous media, the 
U-shaped piezometer, control valve, the gas tank etc. Catalytic materials is made of spherical Pd/Al2O3 catalyst particles in 
reactor which is filled with in the tubular reactor with diameter of 25mm,and the vibration and mechanical compression 
method is used to ensure the tight filling. At the same time, the slender coppery pipe is installed at the pressure-measuring 
port, which is direct connected to the U-shaped piezometer with a rubber pipe. During the experiment, the mixture flux is 
changed by adjusting the degree of opening of throttle, and the flux is measured by vitreous rotor flowmeter. In order to 
ensure the continuousness and stability of transmission, the soft storage tank is used to store the mixture in experiment. 
throttle 
control valve
vitreous rotor flowmeter
heater
catalytic reactor
U-shaped piezometer
gas 
tank
vacuum pump
porous media
control valve
 
Fig. 1. Flow chart of the cold state experiment. 
To measure the pressure drop under different velocity, four pressure-measuring ports were equably placed at the axial 
direction of tubular reactor according to the specific catalytic thickness in the tubular reactor. 
3. Experimental results and analysis 
3.1. Experimental results and analysis under different catalytic thickness 
The influence of catalytic thickness on resistance in reactor is examined under three type of catalytic: 
(1) L=6.87, 11.6, 16, 20.6, 25.2, 29.8, 34.4, 39.0, 43.5, 48mm when catalytic diameter is 2.5mm; 
(2) L=7, 11.7, 16.3, 21, 25.7, 30.3, 35, 39.7, 44.4, 49mm when catalytic diameter is 3.0mm; 
(3) L=7.2, 11.94, 16.7, 21.49, 26.27, 31, 35.8, 40.6, 45.4, 50.1mm when catalytic diameter is 3.5mm. 
Experimental results are shown in Fig. 2, Fig. 3, and Fig. 4. 
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Fig. 2. Diagram of catalyst thickness (d=2.5mm) and pressure drop in the flux of (a) u=1.7 m/s, (b) u=3.4 m/s, (c) u=5.1 m/s and (d) u=6.79 m/s. 
(a)     (b)  
(c)     (d)  
Fig. 3. Diagram of catalyst thickness (d=3.0mm) and pressure drop in the flux of (a) u=1.7 m/s, (b) u=3.4 m/s, (c) u=5.1 m/s and (d) u=6.79 m/s. 
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Fig. 4. Diagram of catalyst thickness (d=3.5mm) and pressure drop in the flux of (a) u=1.7 m/s, (b) u=3.4 m/s, (c) u=5.1 m/s and (d) u=6.79 m/s. 
The pressure drop under different velocity and different catalyst thickness is shown in Fig. 5-Fig. 7. Based on the 
experimental results, we can see that: Firstly, the pressure drop and thickness of catalytic combustion bed show obviously 
linear relation at normal temperature and fixed velocity. At the same time, the gradient slope of pressure drop and thickness 
become greater with the increase of velocity. Secondly, the value of pressure drop is constant when fuel-air mixture transit 
through catalytic bed at unit thickness which shows reasonably good agreement with the regulation revealed by the classical 
formula. The pressure drop at unit thickness is corresponding small when the velocity is small, and the smallest pressure is 
respectively 64Pa, 45Pa, and 32Pa when d=2.5mm, d=3.0mm and d=3.5mm, which appears at 1.7m/s. But it increases 
dramatically as the increase of velocity equidistant. The largest is 621Pa at 7.36m/s when d=2.5mm. It can be seen that the 
pressure drop shows a quadratic relationship with the velocity. Thirdly, low thickness also can supply high catalytic 
efficiency if the catalyst contain highly active ingredient and the efficiency of catalytic combustion is well. Consequently, 
adding the thickness will cause the linear increase of pressure drop, which also cause the residence time longer accordingly. 
However, it can only improve small catalytic efficiency. So, the optimal catalyst thickness should be considered in the 
design process based on economic factors and the practical requirements for engineering. 
 
Fig. 5. Diagram of catalyst thickness and pressure drop under different velocity (d=2.5mm). 
370   DU Yang et al. /  Procedia Engineering  45 ( 2012 )  366 – 372 
 
Fig. 6. Diagram of catalyst thickness and pressure drop under different velocity (d=3.0mm). 
 
Fig. 7. Diagram of catalyst thickness and pressure drop under different velocity (d=3.5mm). 
3.2. Fitting of the resistance formula 
Ergun, based on the study of resistance characteristics of single-phase flow through porous media, has proposed the 
famous Ergun equation which indicates that the resistance is composed of simple and quadratic equation of velocity, and it 
primarily takes the influence of viscosity and the pore shape on resistance into account Equation (1): 
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The value of A and B is determined by experiment. To analyze whether the regulation revealed by experimental data are 
good in agreement with Ergun equation or other semi-empirical formula, the detailed comparison of experimental results 
with the typical Ergun equation is carried out. The results of the comparison are shown in Fig. 8-Fig. 10. The value of A and 
B is given by Ergun equation and references[14]: A is 180, 160 and B is 1.75, 1.35 in the region of Forchheimer, 
respectively; A is 180, 190 and B is 1.75, 1.22 in the region of turbulent, respectively. 
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(a)     (b)  
Fig. 8. Comparison of experimental and theory model at d=2.5mm for (a) L=21mm and (b) L=49mm. 
(a)     (b)  
Fig. 9. Comparison of experimental and theory model at d=3.0mm for (a) L=21mm and (b) L=49mm. 
(a)     (b)  
Fig. 10. Comparison of experimental and theory model at d=3.5mm for (a) L=21mm and (b) L=49mm. 
The comparison shows that the experimental data are in good agreement with the results of Ergun equation (involving 
the formula in reference[14]). The deviation under low velocity (u 3.96m/s) was only ±10%, and the deviation will 
increase with the increase of velocity. The comparison also shows that the fitting can be applied to the experimental results, 
and the value of A and B can be modified corresponding from it. Based on the above analysis, the semi-empirical equation 
of the pressure drop in catalytic bed is given in Equation (2) by using the least squares fitting method. When the range of Re 
is from 340 to 1460, the value of A and B shown in the following equation, and the deviation of experimental and calculated 
values is ± 2.9%. 
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4. Conclusions 
Based on the analysis and experimental investigations presented above, the following conclusions may be made: 
(1) The pressure drop and thickness of catalytic combustion bed show obviously linear relation at normal temperature 
and fixed velocity. At the same time, the gradient of pressure drop and thickness become greater with the increase of 
velocity. 
(2) The experimental results indicate that the pressure drop is constant when fuel-air mixture transit through catalytic bed 
at unit thickness. Under the experimental conditions, when velocity is 1.7 m/s, the pressure drop of unit catalytic thickness 
is the minimum, while the pressure drop is the largest when velocity is 7.36 m/s. 
(3) It was experimentally and theoretically confirmed that the pressure drop and velocity show a quadratic relationship. 
(4) The results show reasonably good agreement with the revealed Ergun formula, and the semi-empirical relation of the 
pressure drop in catalytic bed is putting forward when the range of Re is from 340 to 1460. 
References 
[1] Du Yang,Ou YiHong, Liang JianJun, Wang Dong, Jiang XinSheng, 2010. Mathematical model study on thermal deflagration of gasoline-air mixture 
based on comprehensive theory, Journal of Engineering Thermophysics 31, pp. 1415-1418. (in Chinese) 
[2] Du Yang, Ou Yihong, Wu Ying, Zhang Zheng, Jiang Xinsheng, 2009. Thermal ignition phenomena of gasoline-air mixture induced by hot wall, 
Explosion and Shock Waves 39, pp. 998-1003. (in Chinese) 
[3] Ou Yihong,Du Yang, Wu Ying, Zhang Zheng, Jiang Xinsheng, 2009. Study on Numerical Simulation of Thermal Deflagration of Gasoline-air Mixture 
under Conditions of Hot Wall, Journal of system simulation 21, pp. 998-1003. (in Chinese) 
[4] Ou Yihong, Du Yang, 2010. Study on the Thermal Ignition of Gasoline-air Mixture in Underground Oil Depots based on Experiment and Numerical 
Simulation, Journal of thermal science 19, pp. 173-177. (in Chinese) 
[5] Du Yang, Jiang Xinsheng Ou Yihong, 2010. Studies of fuel-air mixture explosion characteristics and structure fracture and damage in large-scale oil 
storage tank, Key engineering materials 325, pp. 173-181. (in Chinese) 
[6] Gao Jianfeng, Du Yang, Zhou Linli, 2007. Study on fuel-air mixture explosion in underground combinatory confined spaces, Journal of Thermal 
Science and Technology 6, pp. 356-362. (in Chinese) 
[7] DU Yang, Chen Jun, 2008. “Experimental and Numerical Simulation Study of Fuel-air Mixture Explosion under Inert Condition,” Progress in safety 
science and technology, Beijing: Science Press, Vol. VII, pp. 1118-1122. 
[8] Jiang Peixue, Si Guangshu, 2004. Experimental and numerical investigation of forced convection heat transfer of air in non-sintered porous media, 
Experimental Thermal and Fluid Science 28, pp. 545-555. (in Chinese) 
[9] Lu Wei, Ma Xiao-qian, 2001. Study on flow characteristics of heat exchange element with porous media. Iron and steel 36, pp. 5-8. (in Chinese) 
[10] Lu Wei, Ma Xiaoqian, 2000. Cold-state experimental study on several kinds of porous media heat-exchange elements, Energy for Metallurgical 
Industy 19, pp. 31-33. (in Chinese) 
[11] Yu Lizhang, Sun Li-cheng, Sun Zhongning, 2010. Numerical Simulation of the Resistance and Heat Exchange Characteristics of a Single-phase Flow 
in the Passages of a Skeleton Heat Generation Porous Medium, Journal of engineering for thermal energy and power 25, pp. 614-616. (in Chinese) 
[12] Liu Xueqiang, Yan Xiao, Xiao Zejun.Resistance, 2009. Characteristics of Single-Phase Flow through Porous Media, Nuclear Power Engineering 30, 
pp. 40-43. (in Chinese) 
[13] Zhang Zhen, Liu Xueqiang, Yan Xiao, Xiao Zejun, 2009. Numerical study on resistance characteristics of single-phase flow through porous media, 
Nuclear Power Engineering 30, pp. 91-94. (in Chinese) 
[14] Li Zhenpeng, Sun Zhongning, Liao Yonghao, 2009. The research on the resistance characteristics of microsphere packed bed porous media in non-
Darcy regime. Applied Science and Technology 36, pp. 61-64. (in Chinese) 
